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ABSTRACT 
 
Probabilistic analysis is receiving increased attention from fire engineers, assessment bodies and 
researchers. It is however often unclear which probabilistic models are appropriate for the analysis. For 
example, in probabilistic structural fire engineering, the models used to describe the permanent and live 
load differ widely between studies. Through a literature review, it is observed that these diverging load 
models largely relate to the same underlying datasets and basic methodologies, while differences can be 
attributed (largely) to specific assumptions in different background papers which have become 
consolidated through repeated use in application studies by different researchers. Taking into account the 
uncovered background information, consolidated probabilistic load models are proposed. 
 
 
NOMENCLATURE 
 
APIT arbitrary point in time 
PMC Probabilistic Model Code 
G permanent load (characteristic value Gk) 
Q imposed load (characteristic value Qk) 
δ coefficient of variation 
µ mean value  
σ standard deviation  
χ load ratio = Qk / (Qk + Gk) 
 
1. INTRODUCTION 
 
Traditionally, fire engineering is based on the 
experience of the profession [1]. In prescriptive 
approaches, the experience drives the updating of 
design requirements or guidance in the wake of 
fire events [2]. When using (deterministic) 
performance-based design approaches, the 
definition of scenarios, acceptance (or failure) 
criteria, and input values all fundamentally follow 
experience [3]. Experience based approaches can 
be considered efficient and reasonable in common 
cases for which performance has been repeatedly 
observed, and where the possibility of disastrous 
consequences is absent. However, for innovative 
design solutions, or when considering situations 
with the potential for dramatic consequences (e.g. 
critical infrastructure), a full probabilistic 
approach is necessary to demonstrate the adequacy 
of the design [3]. 
This realization, as well as expected cost 
reductions and genuine research interests, have 
fuelled a series of research projects and 
applications in structural fire engineering (SFE), 
e.g. [4]-[17]. The appropriate models for the 
stochastic input variables of the probabilistic 
analysis are however not always clear to the user 
performing probabilistic SFE (PSFE), and also the 
identification of stochastic variables varies widely 
between studies. To partially alleviate this, the 
current contribution reviews models used to 
describe the permanent and live load, specifically 
targeting the modelling of uncertainty in SFE. By 
reviewing models used in previous studies and 
their background, permanent and imposed load 
models for PSFE are recommended. 
 
2. STOCHASTIC MODELS IN SFE 
 
2.1 INTRODUCTION 
 
Fire ignition is a rare event and many fires are 
extinguished or suppressed early on by e.g. the 
occupants of the building or active measures 
(sprinklers). Structural fire engineering is only 
concerned with fires which progress beyond this 
barrier, often referred to as ‘significant’ fires. The 
probabilistic structural analysis starting from the 
occurrence of a significant fire thus assesses a 
conditional failure (or survival) probability. 
A range of consequential input variables for SFE 
are stochastic in nature (i.e. uncertain). These can 
be grouped broadly in two categories: uncertainty 
in materials (resistance), and uncertainty in actions. 
With respect to the uncertainty in materials, the 
thermal and mechanical properties of building 
materials are subject to large scatter, both at 
normal design temperatures and at elevated 
temperatures. Especially for elevated temperatures 
limited models exist. For a review and recent 
developments, see e.g. [18,19]. 
The uncertainty in actions relates to thermal 
actions on the one hand, and mechanical action on 
the other hand. For guidance on the thermal 
actions and their probabilistic modelling, see [20].  
Focussing on the mechanical actions, these are 
traditionally subdivided into permanent actions 
and imposed (or variable) actions. Their variability 
with time is an aspect of particular relevance for 
SFE. In design for normal conditions, the load 
variability is considered by a (characteristic or 
design) load with a low probability of being 
exceeded during the lifetime of the structure. This 
ensures that building structures are designed both 
safely and (largely) economically, as in setting the 
design requirements a balance has been sought 
between the costs of premature failures and the 
costs of additional up-front (safety) investments 
[30]. Naturally, the day-to-day probability of 
occurrence of such high (design) load value is low, 
just as for the day-to-day probability of occurrence 
of a significant fire. Simultaneously taking into 
account both events would result in very onerous 
fire design requirements. Hence, the reduced 
safety and combination factors in the Eurocode 
[23] and in the ASCE design format (load and 
resistance factor design) [24] lessen the required 
load under consideration for structural fire design 
compared to normal design conditions. 
 
2.2 LIT REVIEW MECH ACTION MODELS 
 
In PSFE studies in literature, different permanent 
load and imposed load models have been used. 
These studies (generally) make limited explicit 
reference to the issue of time variability of the 
loads. Most stating (directly or indirectly) that 
their load models correspond with arbitrary point 
in time (APIT) dead (permanent) and live 
(imposed) loads, e.g. [6,7,8,14,15]. The study by 
Ellingwood [16] is a notable exception, going to 
some depth in explaining underlying processes of 
load variability. 
A non-exhaustive overview of applied permanent 
load models is given in Table 1, where µ is the 
mean value, δ the coefficient of variation (COV), 
and Gnom the nominal permanent load. The 
nominal permanent load results from the nominal 
dimensions and density of both the structure itself 
and finishes. The references for the applied 
models in the PSFE studies are not always fully 
clear. Regularly a set of references is given to at 
once justify a list of stochastic variables. Based on 
the overview of Table 1, the studies agree on the 
use of a normal distribution with COV of 0.10. 
With respect to the mean permanent load, however, 
two sets of models are discerned. One school 
considers a mean value equal to 1.05 Gnom, 
whereas the other school specifies the mean as 
directly equalling Gnom. The first school has 
Ellingwood’s 2005 study [16] as a common point 
of reference, whereas the second school relates to 
formulations underlying the Eurocodes, see 3.2 for 
further background.  
Similarly, Table 2 gives an overview of imposed 
load models, showing a larger variation in models. 
 
Table 1: Permanent load model in PSFE studies 
Study Distribution µ/Gnom δ Reference 
[6],[7] normal 1.05  0.10 [8],[16] 
[8] normal 1.05  0.10 [16],[25] 
[9] normal 1.05  0.10 [16] 
[16] normal 1.05  0.10 [21],[22]* 
[10] normal 1.00** 0.10 [26],[27] 
[11],[14],[15] normal 1.00 0.10 [38]  
[12],[13],[17] normal 1.00 0.10 not given 
 
Table 2: Imposed load model in PFSE studies 
Study Distr. µ/Qnom δ Reference 
[6] gamma 0.24  0.80 [8],[16],[25] 
[7] gamma 0.24  0.60 [8],[16],[25] 
[8] gamma 0.24  *** [16],[25] 
[9] gamma 0.24 to 0.50  0.60 **** 
[16] gamma 0.24 to 0.50  0.60 [21],[22]* 
[10] gumbel 0.60  0.35 [26],[27] 
[11] gumbel 0.60  0.35 [38] (50y) 
[12] gumbel 0.60  0.50 not given 
[13] gumbel 0.52** 0.50 not given 
[14],[15] gumbel 0.2 1.10 [38] (5y) 
[17] gumbel 0.2 1.10 ***** 
* further general references as ‘additional published data’;  
values listed as ‘typical’ 
** implied by listed data 
*** variable in function of the tributary floor area [25] 
**** reference is made to a 2011 email by B.R. Ellingwood 
***** Eurocode background document, no reference given 
The imposed load model used by Devaney [10] 
and Van Coile et al. [11] is the distribution model 
for the 50-year maximum value of the imposed 
load (i.e. 50 year ‘reference period’) [38]. This 
description is commonly used for reliability 
evaluations in normal design conditions to 
evaluate the probability of failure over this long 
reference period (often considered equal to the 
design life), and thus does not correspond with 
APIT loads. It has the advantage that the reliability 
index at the start of fire exposure can be directly 
compared with the reliability index specified for 
normal design conditions, but the physical 
interpretation of the resulting failure probability 
during fire is not intuitive. It is unclear if the same 
applies to [12] and [13], as no explanation could 
be found in the references themselves. 
The other applied live load models relate to APIT 
load. One family again originates from the work of 
Ellingwood [16]. Another series of studies 
([14,15]) model the APIT load by a gumbel 
distribution with a 5-year reference period, by 
assuming that the imposed load can be modelled 
by a rectangular wave renewal process with a 5-
year return period. The 5-year return period 
corresponds with the expected time between 
renewals (changes in use and users [34]) for office 
buildings [38]. The Gumbel model has the 
advantage of allowing a direct calculation of the 
imposed load model for fire conditions from the 
imposed load model applied for normal design 
reliability analysis (in the Eurocode framework). 
On the other hand, the Gumbel distribution has the 
disadvantage of having a non-zero probability of 
negative values. The same 5-year Gumbel 
distribution is applied without reference in the 
background document to the Eurocode fire design 
guidance [17]. Further background to the live load 
models is discussed in Section 4.2. 
The models in Table 1 and Table 2 however do 
not tell the full story, as additional stochastic 
factors are taken into account when combining the 
permanent and imposed load effects. Guo et al. [6] 
for example specify the total load w through Eq. 
(1), referencing [8] and [25], with the stochastic 
parameters A, B and E listed in Table 3. The same 
total load model is applied in [7,8]. Iqbal and 
Harichandran [8] clarify that the factors A and B 
refer to uncertainty in the transformation of loads 
into load effects, and that E refers to uncertainty in 
structural analysis, and refer to Ravindra and 
Galambos [25] for the origin of these stochastic 
factors. Ravindra and Galambos [25] for their part 
refer to Eq. (1) as an assumption, and explain that 
A and B are to be interpreted as characterizing the 
difference between computed and actual internal 
forces in the structure, while E is intended to 
characterize deviations introduced by 
characterizing a 3D structure into elements or sub-
systems and other simplifying assumptions (such 
as boundary conditions). They however do not 
mention a distribution type for these variables, and 
indicate that the mean values and COVs (as listed 
in Table 1) were ‘chosen’ and ‘assumed’ as 
‘reasonable estimates based on data and 
judgements’, with further reference to a 1973 
Washington University report. It is interesting to 
note that Ravindra and Galambos consider µG = 
Gnom and δG = 0.04, raising the question whether 
their factors E and A are (partially) taken into 
account as part of the alternative permanent load 
model applied in the later studies (e.g. [6]), see 
Table 1. 
In [11,12,14,15,17] on the other hand, the total 
load model of Eq. (2) is used, where KE is the 
model uncertainty for the load effect. No reference 
is given for the normal model applied in [12]. The 
lognormal model uncertainty in the other studies is 
based on the review by Holický and Sýkora [38], 
with reference to the JCSS Probabilistic Model 
Code [33] (except [17] where no ref is given). The 
Probabilistic Model Code (PMC) makes a 
distinction in recommended COV in function of 
the load effect (axial load, moment). For frames, a 
COV of 0.1 is the higher value. Only for moments 
in plates the recommended value is higher at 0.2 
[33]. The PMC provides no indication, however, 
as to the origin of these values. 
Other total load formulations were (implicitly) 
applied in other references, e.g. Hamilton [9] 
applied a single professionalism factor which also 
takes into account uncertainty with respect to the 
resistance model (material strength retention 
factor), while Devaney applied G + Q directly 
without addition of further stochastic model or 
combination parameters. The widely cited paper 
by Ellingwood [21] does not specify a clear 
formulation for the total load model. 
It should be noted that the factors in Table 3 were 
originally developed for normal design reliability 
evaluations. Their appropriateness for addressing 
uncertainty in case of fire has not been addressed.   
 w E AG BQ    (1) 
 Ew K G Q    (2) 
 
Table 3: Load combination parameters as 
applied in total load models 
Parameter Distribution µ δ applied in 
E normal 1.0 0.05 [6],[8] 
A normal 1.0 0.04 [6],[8] 
B normal 1.0 0.20 [6],[8] 
KE normal 1.0 0.10 [12] 
KE lognormal 1.0 0.10 [11,14,15,17] 
 
To assess the effect of the different load models, 
the total load formulations are compared. To make 
a direct comparison possible, without introducing 
further assumptions, the load ratio χ and total 
nominal load Pnom are defined through Eq.(3), 
where the nominal values Qnom and Gnom 
correspond with characteristic values Qk and Gk 
when using the Eurocode methodology. Further 
writing G as Gnom·g and Q as Qnom·q, the ratio ζ of 
the total load w to the nominal total load Pnom is 
given by Eqs. (4) and (5) for the total load models 
of Eqs. (1) and (2) respectively. The variation in G 
and Q is thus taken into account through the 
stochastic variables g and q with µ and δ as listed 
in  Tables 1 and 2. Both models have been 
evaluated using 108 crude Monte Carlo 
Simulations (MCS), for different load ratio χ, 
applying the distribution models as applied in [7] 
(ModelA, in black) and [15] (ModelB, in red) 
respectively. Obtained cumulative density 
functions (CDF) and complementary CDF (cCDF) 
are given in Figure 1.  
For failure probability evaluations, large values of 
ζ are of interest. It is clear from Figure 1 that there 
is a notable difference between both models, 
justifying further efforts in evaluating the 
background of the load models, and proposing a 
distribution model for future reference. This is 
done in the following sections, with special 
emphasis on the issue of time dependency and 
further background on the load models. 
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Figure 1: CDF and cCDF for the total nominal load factor ζ 
according to Eqs. (4) and (5), for different load ratio χ. 
Applying the distribution models of [7] and [15] respectively. 
 
3. PERMANENT LOAD MODEL 
 
3.1 TIME DEPENDENCY 
 
The permanent actions result from the self-weight 
of the structural elements and finishes, and can be 
considered time-invariant [31,33,16]. Hence, for 
the stochastic model of the permanent load no 
distinction must be made between normal design 
conditions and the fire situation when neglecting 
possible combustion of finishes or structure. Thus, 
models applied for normal design are directly 
applicable, and qualify as APIT permanent loads.  
Neglecting combustion of loads is a standard and 
conservative approximation. There currently are 
no models available to readily take this potential 
load-reducing effect into account. 
It can be noted that fire exposure of the structure 
implies that the structure did not fail due to gravity 
loads prior to fire, thus reducing the probability of 
very high load realizations compared to the prior 
distributions used for design calculations. Also 
this load-reducing effect is commonly neglected. 
 
3.2 MODEL BACKGROUND 
 
The permanent load results from the self-weight of 
load-bearing and non-load-bearing components. In 
principle, the uncertainty associated with the self-
weight l of an element can be calculated 
considering uncertainty related to the material 
density γ and the element’s volume V [31].  
In general terms, the density of the material is 
described by a random field, i.e. the density varies 
throughout the material [31]. For reasonably 
homogenous materials, an average (but stochastic) 
density can be considered to apply for the entire 
element [33]. This density can be considered to be 
normally distributed, with mean values and COV 
listed for common building materials in the 
Probabilistic Model Code [33]. 
The Probabilistic Model Code further lists 
geometric deviations as normal random variables 
with positive mean, but states (in a simplifying 
manner) that the mean value of the volume can be 
calculated directly from the mean value of the 
dimensions, and that the mean dimensions can be 
considered equal to their nominal value [33]. In 
their summary overview of appropriate stochastic 
models for structural reliability analysis, Holický 
and Sýkora [38] note that the mean volume will 
generally be slightly larger than the nominal value. 
This is because the expected deviations from the 
nominal dimensions are slightly positive, as noted 
above. For concrete elements, for example, this 
exceedance of the nominal volume by the mean 
volume will be less than 1% (taking into account 
the models for dimensional deviations in [33]).  
With both γ and V described by a normal 
distribution, the self-weight l is in principle not 
normally distributed. However, when the 
coefficients of variation (COV) of the volume and 
density are small (which is generally the case), the 
resulting self-weight loads can nevertheless be 
assumed to be described by a normal distribution 
[31]. This has also been adopted in the JCSS PMC 
[33]. Considering Taylor expansion, the mean 
value of the self-weight µl is given by µγ·µV. The 
coefficient of variation δl can be estimated from 
[38]: 
 
2 2 2 2 2
l V V          (6) 
 
Values for µγ and δγ given in the PMC are listed in 
Table 4, together with indicative values for δl 
listed in [38]. 
 
Table 4: Density model for common building 
materials [33] and indicative values for δl [38] 
Material µγ [kN/m3] δγ δl 
Steel 77 0.01 0.032 
Concrete 24 0.04 0.045 
Masonry not specified 0.05 0.064 
Timber * 0.10 0.101 
* Listed in [33] for 12% moisture content: spruce: 4.4; fir: 
4.4; pine: 5.1; larch: 6.6; beech: 6.8; oak: 6.5 
 
When multiple materials or components contribute 
with their self-weight to the permanent load effect, 
this corresponds with an addition of normally 
distributed variables. When the constituent self-
weights li can be considered independent (with 
mean values µli and standard deviation σli), the 
overall permanent load is described by a normal 
distribution as well, with mean values µG and 
standard deviation σG given by: 
 
iG l
i
µ µ   (7) 
2
iG l
i
     (8) 
  
3.3 PROBABILISTIC MODEL 
 
Considering the background discussion above, the 
permanent load can be described by a normal 
distribution, with a mean value slightly exceeding 
its nominal value, and a COV which can be 
evaluated from the contributions of the different 
(independent) elements, taking into account Eq.(8). 
When evaluating an existing building, evaluating 
the COV through Eq. (8) can be considered 
reasonable, and may allow a precise assessment of 
the permanent load COV. For general reliability 
studies and code calibration purposes, detailed 
assumptions on floor build-up and materials used 
should, for the purpose of generality, be avoided. 
Thus, a generally applicable COV is preferable. 
Holický and Sýkora indicate that application of the 
PMC results in a COV from 0.03 to 0.10 [38]. 
Taking into account the models currently applied 
(Table 1), there is a pronounced preference for a 
COV of 0.10.  
Considering the JCSS simplifying approximation 
of the mean volume by the nominal volume, the 
mean permanent load slightly exceeding its 
nominal value is neglected. It is considered 
preferable to neglect a 1% (order of magnitude) 
exceedance, than to set µG equal to 1.05 Gnom. The 
practical choice for a COV of 0.10 is considered to 
partially compensate for this. Consider for 
example a model (i) µG = 1.05 Gnom, COV = 0.07, 
and (ii) µG = 1.00 Gnom, COV = 0.10. The 3% 
highest realizations of G are larger in model (ii) 
than in model (i). 
In conclusion, the permanent load effect G is 
recommended to be described by a normal 
distribution, with mean equal to the nominal 
permanent load effect Gnom, and COV of 0.10. 
4. LIVE LOAD MODEL  
 
4.1 TIME DEPENDENCY 
 
Live loads arise from a range of components, from 
building occupants and their possessions, to 
movable items, like furniture. This movable 
character makes time dependency particularly 
pertinent for the live load model. 
The total live load can be broken down into two 
components: (1) a sustained component, and (2) 
an intermittent or transient component 
[16,22,29,34,38]. The sustained load refers to the 
weight of furniture and heavy equipment, with 
changes usually corresponding to changes in use 
[34]. Normal people occupancy is generally 
included in the sustained load, e.g. [22]. The 
intermittent live load on the other hand relates to 
exceptional events, such as overcrowding [22] or 
the stacking of objects during refurbishing [34]. 
With respect to the crowding of people, the CIB 
report [32] refers to a possible link with 
emergency situations, e.g. in the vicinity of a fire 
escape. Very limited data is available on this 
intermittent load [22]. Whilst both vary with time, 
a component of the sustained load is ever present - 
albeit its magnitude could vary. Figure 2 illustrates 
the difference between the sustained and 
intermittent live load, adapted from [16]. 
For PSFE, the APIT live load is of interest, as 
noted earlier. As the occurrence of the intermittent 
(transient) live load is by its conceptualization rare, 
it generally does not need to be taken into account 
simultaneously with fire exposure [16]. While this 
can be considered sufficient for the general floor 
area of most buildings (e.g. offices, residential 
buildings), care should be taken whenever the live 
load profile of the building has specific occurrence 
patterns or particular likelihood of overcrowding 
(e.g. sports stadia), or when considering buildings 
with a high reliability requirements (e.g. high-rise 
structures). The possible overcrowding near 
emergency exits during the evacuation process 
may need to be considered, although this is 
(partially) compensated by the necessary absence 
of furniture in those areas. This aspect is not 
considered further here, and the models specified 
below are not developed to apply to evacuation 
routes. As the evacuation routes will typically be 
separated from the fire hazard, this is considered 
not an issue for most design cases. 
 
Figure 2: Components of live load – sustained and 
intermittent load, adapted from [16] 
 
4.2 MODEL BACKGROUND 
 
Ellingwood [16] is commonly referenced in PSFE 
to justify describing the APIT live load Q by a 
Gamma distribution, with mean value between 
0.24 and 0.50 Qnom and COV of 0.60 (see Table 2). 
Ellingwood himself further refers to [21] and [22].  
In [21], Ellingwood and Culver consider data 
obtained in a 1974-1975 US survey of loads in 
office buildings (excluding people) and assess the 
equivalent uniformly distributed APIT load Q. In 
this study, load effects on columns are considered 
as defining this equivalency. Only mean values 
and standard deviations are listed, as reprinted in 
Table 5. This data includes a nominal personnel 
load of 81 N/m2, which was not part of the survey. 
No significant difference with UK data published 
in the early 70s could be discerned and the 
dependency on floor area was stated to be 
statistically weak [21]. Considering a nominal live 
load of 50 psf, the data in Table 5 corresponds 
with µQ = 0.23 Qnom. When considering Qnom equal 
to 2 kN/m2 or 3 kN/m2 as in EN 1991-1-1 [27], the 
ratio is 0.28 and 0.19 respectively. A Gamma 
distribution was assumed based on [35] and [36]. 
The study by Chalk and Corotis [22] is more 
extensive and lists mean APIT sustained live loads 
and variability for different occupancy types, 
taking into account data from multiple surveys 
(Table 6). Comparison with the office data listed 
in Table 5 confirms the order of magnitude values. 
Furthermore, also Chalk and Corotis apply a 
Gamma distribution in their calculations, 
seemingly referencing [37]. For the theoretical 
load live load model, reference is made to Peir and 
Cornell [36]. 
Table 5: Sustained office live load data [21] 
Area [m2] µ [psf] µ [kN/m2] δ 
18.6 11.6 0.56 0.85 
37.2 11.6 0.56 0.68 
92.9 11.6 0.56 0.55 
185.8 11.6 0.56 0.50 
464.5 11.6 0.56 0.47 
 
Table 6: Sustained live load data [22] 
occupancy µ 
[psf] 
µ 
[kN/m2] 
δ Qnom* 
[kN/m2] 
µ/Qnom 
[-] 
office 10.9 0.52 0.70 3 0.17 
residential 6.0 0.29 0.57 2 0.14 
hotel 
(room) 
4.5 0.22 0.33 2 0.11 
retail (first 
floor) 
17.9 0.86 0.31 5 0.17 
retail 
(upper 
floors) 
12.0 0.57 0.88 5 0.11 
classroom 12.0 0.57 0.25 3 0.19 
warehouse 71.5 3.42 0.90 7.5 0.46 
* Recommended values EN 1991-1-1 [27] 
 
Iqbal and Harichandran [8] refer to Ravindra and 
Galambos [25] for a tributary area dependent 
bilinear formulation of the COV for office 
buildings. The formulation listed in [8] however 
decreases rapidly for larger floor areas (e.g. the 
COV reduces to only 0.07 at 465 m2 vs. 0.47 in 
Table 5). Ravindra and Galambos again refer to 
[36] for the live load modelling, and refer to other 
papers for the background of the area-dependent 
COV formulation. Here it suffices to state that a 
COV of approximately 0.82 is listed for very small 
floor areas (approx. 5 m2), reducing to 0.56 at 31 
m2, and further linearly reducing to the small value 
listed above, together with a constant mean value 
of 0.57 kN/m2. For office areas up to 100 m2, this 
is in agreement with the tables above.  
The second family of APIT live load models in 
Table 2 consider a 5y Gumbel distribution. The 
references listed refer to Eurocode background 
documents and the 2010 review of stochastic 
models by Holický and Sýkora [38]. Considering 
[38], the 5y Gumbel distribution specified in Table 
2 relates to office buildings designed in 
accordance with the Eurocode recommended 
nominal (characteristic) imposed load of 2 to 3 
kN/m2. The factor of 0.2 listed in Table 2 then 
corresponds with a mean value of 0.4 – 0.6 kN/m2 
for the sustained live load, which is in agreement 
both with the values specified above with 
reference to [21,22] and [25], as well as with the 
mean value of 0.5 listed by Holický and Sýkora 
[38], referencing [34]. This is an important 
observation as it implies that – at least for office 
buildings – the APIT mean load is largely 
comparable in both live load model families. 
Nevertheless, differences between countries may 
exist, see e.g. the CIB report [32]. 
Holický and Sýkora further indicate that the COV 
can vary greatly, referring to [34] and [32], and 
that it decreases with the area. This is in 
agreement with the observations in Table 5 and 
(the concept of) the COV model in [25]. Although 
calibrated for typical office buildings, Holický and 
Sýkora indicate the model parameters can be used 
for other occupancies as a first approximation.  
The Gumbel distribution itself originates from 
considerations of maximum load for a given 
reference period, where a Gumbel distribution is 
fitted to the upper quantiles of the maximum load. 
Amongst others, also Ellingwood and Culver use 
the Gumbel distribution for this purpose [21].  
The PMC however specifies a Gamma distribution 
for the instantaneous sustained load [34], as noted 
also in [38]. For different occupancies, distribution 
parameters are tabulated, reprinted in Table 7 
below for the same occupancies as in Table 6. The 
ratio µ/Qnom are comparable to those listed in 
Table 6. While a high ratio is found for 
warehouses, all other categories give values in the 
range 0.15-0.20. The PMC only lists a limited 
number of general references for the live load 
model: an earlier draft of the Model Code, an 
unpublished document, a draft of [27], and [32]. 
The original draft of the 1989 CIB report [32] was 
prepared by Corotis and Sentler, indicating a 
(reasonably assumed) continuation of the work 
listed in Table 6. The report itself gives an 
overview of multiple surveys dating from 1893 to 
1976, and amongst others refers to (earlier work 
by) the JCSS, [22], and a review by Sentler [27]. 
Of these references, only [22] could be obtained 
for the current paper. 
The standard deviation of this instantaneous 
imposed load model is calculated by Eq.(9), with 
σV the standard deviation of the overall load 
intensity, σU the standard deviation associated with 
the spatial variation of the load, A0 an occupancy-
specific reference area, A the loaded area, and κ an 
influence factor (commonly between 1 and 2.4; 
further taken as 2.2 for agreement with 
Ellingwood and Culver [21]). 
2 2 2 0min ;1V U
A
A
         
 
  (9) 
 
Table 7: Sustained live load parameters [34]* 
occupancy A0 µ σV σu δinf** µ/Qnom 
office 20 0.5 0.3  0.6 0.60 0.17 
residential 20 0.3 0.15  0.3 0.50 0.15 
hotel 
(room) 
20 0.3 0.05 0.1 0.17 0.15 
retail (first 
floor) 
100 0.9 0.6 1.6 0.67 0.18 
retail 
(upper 
floors) 
100 0.9 0.6 1.6 0.67 0.18 
classroom 100 0.6 0.15 0.4 0.25 0.20 
warehouse 
(storage) 
100 3.5 2.5 6.9 0.71 0.47 
* Dimensions [m2], [kN/m2], [-]; Qnom taken as 
recommended values EN 1991-1-1 [27], as listed in Table 6 
**  COV corresponding with large loaded area A, for which 
the area-dependent term in Eq. (9) reduces to zero 
 
The COV for very large loaded areas is listed in 
Table 7 as δinf, i.e. where the loaded area 
dependent term in Eq. (9) reduces to zero. With 
the exception of the first-floor retail space, these 
COV are smaller than those listed in Table 6. For 
small loaded areas, however, the COV resulting 
from Eq. (9) exceed those in Table 6. The 
comparison is facilitated by Figure 3, where the 
COV calculated from Eq. (9) and Table 7 is listed 
in function of the loaded area A. For comparison, 
also the COV data listed for office buildings in 
Table 5 is given by the scatter plot, highlighting a 
clear difference between both references.  
The COV of 1.1 used in [14,15] is found to 
correspond with JCSS recommendations for 
offices at approximately 75 m2 loaded area (for κ 
= 2.2 as in [21]; Holický and Sýkora use κ = 1.4 
and obtain this result for an office loaded area of 
50 m2). Note that a different assumption with 
respect to the influence factor κ  in (9) is 
equivalent to a change in loaded area A. A COV of 
0.95 is obtained for offices and classrooms for a 
loaded area of approximately 120 m2. 
The JCSS PMC further notes that one of the 
underlying assumptions for the equivalent 
uniformly distributed load model of (9) is a linear 
structural response [34]. The assumption of 
linearity can be omitted by considering the spatial 
variability of the load explicitly. The latter is 
however considered too demanding for practical 
feasibility. Nonlinear behaviour could be 
considered as part of the model uncertainty KE. 
 
Figure 3: COV of the instantaneous sustained live load in 
function of the load area A, in accordance with the 
Probabilistic Model Code [34], for κ = 2.2. 
 
4.3 PROBABILISTIC MODEL 
 
The background documents agree on the use of a 
Gamma distribution to describe the instantaneous 
sustained live load. Although the origin of this 
assumption could not be verified, it is adopted 
here as a recommendation based on precedent and 
considering the impossibility of negative values. 
For COV ≥ 1, this results in an exponential shape. 
The different background studies largely agree on 
the mean value µ for the sustained live load. When 
defining Qnom through EN 1991-1-1 recommended 
values, the mean to nominal load ratio (µ/Qnom) is 
largely found to be in the range 0.10-0.20 (similar 
when considering the ASCE 7-16 office 
recommendation of 65 psf). A value of 0.20 is 
considered reasonable for a first assessment for 
offices, residential areas, retail, hotels, and 
classrooms. For warehouses a higher value of 
approximately 0.50 is recommended. The 
appropriateness of this ratio depends on the value 
of Qnom. For specific projects, a direct definition of 
the mean APIT live load is recommended. 
Considering the background studies, a large 
variation and load-area-dependency is found for 
the COV of the sustained live load. A value of 
0.60 as commonly used is found reasonable for 
large loaded areas (Table 7). For smaller loaded 
areas, this may be too low. In the absence of a 
direct evaluation, a COV of 0.95 is recommended 
for residential buildings and office buildings (see 
Figure 3). This value was chosen taking into 
account consistency in reliability index when 
using a Gumbel model with COV of 1.1. For 
warehouses the COV may be significantly higher. 
5. TOTAL LOAD EFFECT MODEL  
 
Two formulations have been identified above for 
combining the permanent load and live load, i.e. 
Eqs. (4) and (5). These formulations also include 
stochastic factors (i.e. model uncertainties) 
accounting for uncertainties in the transformation 
of loads into load effects. This has been discussed 
to some length in 2.2 above, indicating that limited 
background could be found for either of the 
models. Despite its regular use, the model applied 
by Ravindra and Galambos [25] is considered not 
to have the same authority, as the general 
formulation applied by the Joint Committee on 
Structural Safety, which is the common expert 
group on structural reliability of 5 international 
organizations (CEB, DIB, fib, IABSE and 
RILEM). Hence, the total load model of Eq. (2) is 
recommended, considering a lognormal model 
uncertainty with mean of 1.0 and COV of 0.10. 
An overview of the models recommended for a 
non-project-specific evaluation of a normal 
occupancy building (e.g. office) with a small/large 
loaded area is listed in Table 8. These load models 
are visualized in Figure 4. 
 
Table 8: Recommended load models for PFSE 
Symbol Load 
component 
Distribution V µ/nom 
KE load effect 
model 
uncertainty 
lognormal 0.1 1.0 
G permanent 
load 
normal 0.1 1.0 
Q instantaneous 
imposed load 
gamma 0.95 
/ 0.6   
0.2 
 
Figure 4: CDF and cCDF for the total nominal load factor ζ 
according to the reviewed load models, with COV Q = 0.60 
(black) and 0.95 (red) respectively. 
6. CONCLUSIONS 
 
Probabilistic models for describing the permanent 
load, live load and total load (total load effect) 
have been reviewed, as applied in probabilistic 
structural fire engineering. It is concluded that the 
total load effect is ideally described by KE·(G+Q), 
with KE the model uncertainty for the load effect, 
G the permanent load, and Q the imposed load. 
The model uncertainty KE can be described by a 
lognormal distribution with mean equal to unity 
and coefficient of variation of 0.10. The 
permanent load is preferably modelled by a 
normal distribution with mean equal to the 
nominal permanent load, and a coefficient of 
variation (COV) which can either be assessed on a 
project specific basis, or can be set to 0.10 for a 
first assessment. For material with a larger 
uncertainty, such as natural wood, a larger COV 
may be required. The arbitrary-point-in-time 
imposed load effect Q can be modelled by a 
Gamma distribution. Considering the available 
references, this distribution type mostly results 
from precedent. The mean value and COV of Q 
are however found to be highly influenced by the 
occupancy type. It is recommended to explicitly 
list the mean value and COV of the applied live 
load model, as traditional formulations as a 
fraction of the nominal live load Qnom are 
confusing when considering different guidance 
document’s definition of the nominal live load. 
For common occupancies (office, residential), the 
mean live load can be taken as 0.2 times the 
nominal, and a COV of 0.60 for large load areas 
and 0.95 for smaller load areas. 
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